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From a large collection of simulation results for a ferromagnetic and anti-
ferromagnetic Heisenberg system coupled to a variety of different spin-bath
environments that are initially prepared in the ground state or random state,
we establish the conditions under which the central system relaxes from the
initial spin-up - spin-down state towards its ground state or other pointer
states. In general, it turns out that the relaxation to the ground (pointer)
state(s) is a more complicated process, than the one one would naively ex-
pect, depending essentially on the ratio between parameters of the interaction
and environment Hamiltonians. Changing the internal dynamics of the envi-
ronment may change the qualitative features of the decoherence of the central
spin system.
The central system more easily evolves to its ground state when the latter is
less entangled (e.g., up-down state compared to the singlet), and constraints
on the system such as existence of additional integrals of motion can make
the evolution to the ground state more efficient. At the first sight, the latter
statement looks a bit counterintuitive since it means that it may happen that a
more regular system exhibits faster relaxation than a chaotic one. The reason
that this may happen is that the larger the dimensionality of the available
Hilbert space for the central system is, the more complicated the decoherence
process is due to appearance of the whole hierarchy of decoherence times for
different elements of the reduced density matrix.
We found that environments that exhibit some form of frustration, such as spin
glasses or frustrated antiferromagnets, might be very effective as a decoherence
mechanism. We demonstrated that the efficiency of the decoherence process
decreases drastically with the type of environment in the following order:
1) Spin glass and random coupling of all spins to the central system;
2) Frustrated antiferromagnet (triangular lattice with nearest-neighbor inter-
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actions);
3) Bipartite antiferromagnet (square lattice with nearest-neighbor interac-
tions);
4) One-dimensional ring with nearest-neighbor antiferromagnetic interactions.
Furthermore, we observed that for a fixed system size of the environment
and in those cases that the decoherence is effective, different realizations of
the random parameters do not significantly change the results. The use of
spin-glass or frustrated thermal bath is indeed a very efficient way to simulate
decoherence processes. Environments containing 14 – 16 spins are sufficiently
large to induce a complete decay of the Rabi oscillations, this in sharp contrast
to environments that have a more simple structure, such as spin-chains or
square lattices.
We believe that these results can stimulate further development and clari-
fication of the “decoherence program”. Assuming that the interaction with
an environment is weak enough, a hypothesis that the pointer states should
be the eigenstates of the Hamiltonian of the central system was proposed,
with the very ambitious aim to explain the basic phenomenon of “quantum
jumps”. Our results confirm that if the interaction between the central sys-
tem and environment is much smaller than the coupling between the spins in
the central system, the pointer states are the eigenstates of the central sys-
tem. However, our results also demonstrate the nongeneric character of the
decoherence, casting doubts on the general applicability of the decoherence
program.
In the presence of Ising-like anisotropy, domain walls in a ferromagnetic spin
1/2 chain are dynamically stable over extended periods of time. The profiles
of the magnetization of the domain wall are different from the profile in the
ground state in the subspace of zero total magnetization. As the system
becomes more isotropic, approaching the quantum critical point, the width of
the domain wall increases as a power law, with an exponent equal to 1/2.
We also studied the propagation of spin wave through the domain wall in the
quantum spin 1/2 chain, and found that the longitudinal components of the
spin wave speed up when they cross a domain wall. The transverse compo-
nents of the spin wave are almost totally reflected by the domain wall, but this
characteristic feature of the microscopic quantum chain, obtained by solving
the time-dependent Schro¨dinger equation, is not found in mesoscopic mag-
netic systems, where the transverse components cross a domain wall without
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reflection and with a phase shift of pi/2. The system described by the Landau-
Lifshitz-Gilbert equation treats the magnetic system in the mesoscopic regime
as a classical, continuous medium, whereas our study treats the magnetic
system as a microscopic, quantum mechanical system. Which of these two
approaches is the most suitable description obviously depends on the specific
material. The change of behavior from mesoscopic to microscopic may become
important as bottom-up chemical synthesis is providing new ways for further
down-sizing of the magnets.
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